S upraSellar arachnoid cysts constitute 5%-12% of intracranial arachnoid cysts.
with suprasellar arachnoid cysts and long follow-up durations, this study uncovered new aspects of this disease that are particularly related to endocrine outcomes. The longterm outcomes of patients who have not been treated with surgery are also described.
Methods

Data Collection
We searched the electronic medical records of the patients who visited the outpatient clinic of Seoul National University Children's Hospital between 2000 and 2014. The patients with either the registered diagnosis of "suprasellar arachnoid cyst," "arachnoid cyst," or those with the words "suprasellar cyst" on the radiology report of brain imaging (using a free-text search) were listed. The brain imaging of all patients was reviewed manually to select those with arachnoid cysts located in the suprasellar location. A retrospective review of the medical records was performed for the demographic data, operational procedures, and symptomatic changes during follow-up. As the operational procedure, CPS or VPS was used during the early period, but since the 2000s, fenestration procedures became the primary choice, and endoscopic fenestration gradually became the method used most often. Currently, endoscopic fenestration is the treatment of choice for suprasellar arachnoid cysts, and ventriculocystocisternostomy is performed if possible. The indication for surgery varied between surgeons. The only absolute indication for surgical intervention was hydrocephalus. Incidental, asymptomatic lesions without hydrocephalus were not operated on and were observed in the outpatient clinic. Imaging follow-up was performed for all patients. Ophthalmological evaluation was conducted in symptomatic patients. Postoperative endocrine evaluation was also not performed routinely, but recently we have changed our strategy to allow patients to undergo regular evaluation by pediatric endocrinologists.
Statistical Analysis
For statistical analysis, the Fisher's exact test and Mann-Whitney U-test were used accordingly. This study was approved by the Institutional Review Board of Seoul National University Hospital.
Results
Initial Presentation and Surgical Indication
A total of 45 patients (24 boys and 21 girls) were included in this study ( Table 1 ). The median age at the initial operation or visit was 2.8 years (range 0.5-18.0 years) with a mean follow-up duration of 9.7 years. Thirty-seven of the patients underwent operations, and 8 were not treated surgically. Twenty-two patients were treated with endoscopic fenestration, 6 with microscopic fenestration, and 9 received shunt insertions with (n = 4) or without (n = 5) fenestration as the initial operation.
Of the 45 patients, 6 (13%) were diagnosed incidentally ( Table 2 ). The most common symptom at diagnosis was motor developmental delay (n = 8, 18%). In this series, hydrocephalus was detected in all patients who presented with motor developmental delay. Equal numbers of patients were diagnosed during fetal screening (n = 8). Endocrine abnormalities at diagnosis were found in 4 patients (9%). Two patients presented with decreased visual acuity. Head bobbing was noted in 1 patient. Some patients had more than 1 symptom at presentation.
All patients with hydrocephalus (n = 32) underwent operations. Hydrocephalus was defined as ventriculomegaly with signs of increased intracranial pressure such as headache, nausea, vomiting, papilledema, bulged fontanelle, etc. The surgical indications for the 5 patients without hydrocephalus included chronic, nonprojectile vomiting (n = 1, age 6.1 years), nonspecific staring not related to seizure (n = 1, age 1.1 years), strabismus (n = 1, age 5.6 years), and enlargement of the cyst (n = 2, ages 0.8 and 2.5 years; volume enlargement by 10.1-fold and 5.6-fold). Vomiting and nonspecific staring which were transient or not supported by neuroimaging studies were regarded as unrelated to the cyst. The 8 cases that were not operated on were incidental (n = 3; ages 2.7, 5.5, and 6.8 years; follow-up durations 3.8, 9.2, and 11.9 years), asymptomatic after fetal diagnosis (n = 4, all at birth; follow-up durations 1.6, 3.2, 10.0, and 11.4 years), or had nonspecific nausea and vomiting that resolved spontaneously (n = 1, age 9.5 years, followup duration 0.5 years).
Surgical Outcomes
The symptoms caused by increased intracranial pressure related to hydrocephalus, such as headache, nausea, and vomiting, improved in all patients. Motor development delay (8 cases) was markedly improved after the resolution of hydrocephalus. Limitations of extraocular movement were resolved after the operations, and complete improvement was also observed in the patient with head bobbing. However, the endocrine symptoms were not improved, and decreased visual acuity and strabismus also persisted after the operations. The symptoms unrelated to the cyst (i.e., headache, seizure, and vomiting with no clear associations with hydrocephalus) did not exhibit definitive clinical improvements.
An acute complication was experienced in 1 patient as a transient limitation in extraocular movement after endoscopic fenestration. The chronic complications consisted of shunt-related problems, including shunt malfunction (n = 4), shunt infection (n = 4), and shunt overdrainage (n = 1).
Radiologically, the decreases in cyst sizes and the resolutions of hydrocephalus were confirmed in all cases. The decreases in the sizes of the cysts or ventricles were typically more obvious and prominent in patients with shunt insertions compared with those who received only fenestrations.
Endocrine Outcomes
Eighteen (41%) of the 44 patients in whom endocrine data were available exhibited associated endocrine dysfunction (Table 3) . For 1 patient, the pre-and postoperative endocrine evaluations were not available and thus were not considered. Four patients (3 cases of precocious puberty and 1 case of amenorrhea) were discovered to have endocrine problems at the time of or prior to the diagnosis of the suprasellar arachnoid cysts. None of the 4 patients with preoperative endocrine problems exhibited an alleviation of their endocrine abnormalities postoperatively. Among the 40 patients who were confirmed to be free of endocrine problems at the time of the initial diagnosis, 14 exhibited endocrine disorders during followup. Endocrine disorders, including precocious puberty, growth hormone (GH) deficiency, hypogonadotropic hypogonadism, adrenocorticotropic hormone (ACTH) deficiency, and hypothyroidism were newly detected, years after the initial diagnosis of suprasellar arachnoid cysts in both the operated (12 of 32) and nonoperated (2 of 8) patients (Table 3) . Precocious puberty and GH deficiency were the most common problems. The clinical features of the patients according to endocrine outcome were compared using Fisher's exact test (Table 4) . No significant associations were found between hydrocephalus or the surgical treatment and endocrine outcome. The 4 patients with initial endocrine problems were older at diagnosis than the 14 patients who presented with endocrine disorders later during follow-up and also older than the 26 patients who did not develop endocrine disorders (Mann-Whitney U-test, p < 0.05 for later diagnosis or no endocrine disorder group vs initial diagnosis group; Table 4 ).
Illustrative Cases
A 2-year-old girl (Case 23) presented with a delay in motor development and was diagnosed with a suprasellar arachnoid cyst with hydrocephalus. She was treated with endoscopic fenestration, and her developmental status improved. She was undergoing routine follow-up evaluation with no active problems when precocious puberty was detected at the age of 7. She was treated with a gonadotropinreleasing hormone (GnRH) analog (Fig. 1) . This patient demonstrates a case with later development of endocrine problems after successful surgery.
An 11-day-old girl (Case 28) visited the outpatient clinic for evaluation of a suprasellar arachnoid cyst that was diagnosed during the fetal period. No hydrocephalus was found, so she continued with close follow-up evaluation and remained asymptomatic with spontaneously decreased cyst size. However, precocious puberty was diagnosed at the age of 8 years and treated with a GnRH analog. No changes regarding the arachnoid cyst were detected at the diagnosis of precocious puberty (Fig. 2) . This is an example of a patient who developed an endocrine disorder who had not required treatment for the initially asymptomatic suprasellar arachnoid cyst.
Discussion
This study reviewed the long-term follow-up results of 45 patients with suprasellar arachnoid cysts, including the surgical outcomes of 37 patients and the natural courses of 8 cases who did not undergo operations. It should be noted that the "unoperated cases" should be considered as "probably" having arachnoid cysts because they could not be pathologically diagnosed. This assumption is based on the radiological impressions from radiologists with expertise in pediatric neuroradiology (professors In One Kim and Jung-Eun Cheon). Hydrocephalus was undoubtedly an absolute indication for surgery, and surgery was effective in terms of the motor developmental delays and head bobbing. However, the decreased visual acuity and endocrine abnormalities were not resolved after surgery. Surprisingly, as the patients grew with stable neurological/ radiological outcomes, endocrine symptoms developed even years after the initial diagnoses. Moreover, new endocrine abnormalities were detected both in the operated and nonoperated patients.
Regarding the surgical indications for suprasellar arachnoid cysts, there is no controversy about hydrocephalus as an absolute indication. 9, 14 The symptoms related to hydrocephalus and increased intracranial pressure appear to resolve after surgery. However, consistent with other previous reports, the endocrine abnormalities 2,7,17 and long-standing seizures usually did not improve, even after the resolution of hydrocephalus. Similarly, the surgical benefits in cases without hydrocephalus were not clear. Of the 5 patients without hydrocephalus that were operated on, 3 had symptoms unrelated to the cyst (chronic vomiting, nonspecific staring, and strabismus) and underwent operations in the early 1990s when the surgical indications for suprasellar arachnoid cysts were not strictly defined. The other 2 patients had been diagnosed during the fetal period and underwent operations due to enlargement of the cysts during follow-up. An increase in the size of an arachnoid cyst attracts the attention of clinicians, regardless of the location of the lesion, and is a relatively common indication for surgical intervention for an otherwise asymptomatic patient. However, recent reports have questioned the benefits of surgical interventions for asymptomatically enlarged arachnoid cysts and stated that such enlargements almost always stop spontaneously, and the children are neurologically normal. 4, 12, 20 It is our cur- rent policy not to operate on patients with asymptomatic enlargement of a suprasellar arachnoid cyst. Suprasellar arachnoid cysts are a well-known cause of hypothalamic-pituitary dysfunction. Abnormality in various aspects of this axis has been documented in relation to suprasellar arachnoid cysts. 2, 18 Although endocrine abnormalities are commonly known to present as symptoms of suprasellar arachnoid cysts, other modes of detection have been mentioned in the literature, e.g., the possibilities of "preexistence" and "posttreatment presentation." 18 Nevertheless, this is the first study to describe in detail the long-term endocrine outcomes of patients with suprasellar arachnoid cysts. Nearly half (18/44, 41%) of the patients suffered from various endocrine symptoms, and some suf- fered from these symptoms years after the initial diagnoses of the arachnoid cysts. This phenomenon was observed in both the operated and unoperated groups, including the "posttreated" cases mentioned in another study. 18 We wondered whether surgical trauma to the neurohypophysis could cause endocrine symptoms during the follow-up period. The development of endocrine disorders during the follow-up evaluations of the unoperated patients (n = 2 of 8), and the patients who were treated with VPS or CPS without fenestration (n = 2 of 5), provides direct evidence that endocrine disorders can occur in the absence of surgical trauma. Furthermore, although hydrocephalus alone is known to cause endocrine symptoms, 5,15 the 2 unoperated patients never experienced hydrocephalus, suggesting that the endocrine symptoms found during the follow-up of patients with suprasellar arachnoid cysts are at least not solely due to the associated hydrocephalus.
One may speculate on the mechanism underlying the endocrine disorders arising later during follow-up based on the complex interplay between both the inhibitory and stimulatory factors that control the hypothalamic-pituitary axis. Normally, the hypothalamic-pituitary-gonadal axis is completely suppressed by the inhibition of hypothalamic GnRH secretion. However, any type of intracranial disturbance, such as hydrocephalus, surgical trauma, or other injury, can interfere with the neurogenic inhibition of hypothalamic GnRH secretion. 3 Although the exact pathway remains unclear, compressive forces, global or focal ischemia, and impairments of neurotransmitter feedback loops are likely candidates. 1 Although mechanical compression is usually alleviated by operation, axonal injury may interrupt coordinated transsynaptic and glial-neural communication. Neurogenic inhibition of hypothalamic GnRH secretion physiologically decreases with age. This physiologically lowered threshold for GnRH secretion is prematurely exceeded in those patients with axonal injuries that possibly lead to precocious puberty in childhood. In our study, the 4 patients who already had endocrine disorders at diagnosis were older than those who developed endocrine disorders a few years later. The probability of the development of endocrine disorders possibly increased as the patients became older.
Several suggestions regarding the endocrine management of patients with suprasellar arachnoid cysts arise from the present study. The patients were neurologically and radiologically stable when the endocrine abnormalities were detected, which suggests that routine evaluations by pediatricians are mandatory for patients following successful operations or "asymptomatic" lesions that did not require surgical intervention. Moreover, it should be noted that just as the endocrine symptoms detected as presenting symptoms of suprasellar arachnoid cysts did not improve after surgery, surgery did not appear to prevent the endocrine symptoms that arose during the follow-up period. Furthermore, it may be inferred from such observations that endocrine symptoms may not be suitable as the sole indication for therapeutic or preventive operations for suprasellar arachnoid cysts. Because this study is retrospective in nature, additional studies will elucidate the clinical details of this phenomenon. In fact, routine postoperative evaluation of the endocrine function was not performed for most of the earlier cases and usually the symptomatic cases had been evaluated. Only during the last several years did we routinely check the postoperative hormone levels for the suprasellar arachnoid patients. We hope a detailed protocol for endocrine follow-up that takes into consideration factors such as age of the patients, preoperative endocrine status, and type of management of cysts will be suggested based on our early experiences.
Conclusions
Suprasellar arachnoid cysts may be detected by various symptoms, and for patients without hydrocephalus, the surgical indication should be carefully chosen. Endocrine symptoms tend to persist after surgery, and new-onset endocrine deficits, such as precocious puberty and GH deficiencies, were detected even years after the initial diagnoses. The fact that considerable numbers of patients with suprasellar arachnoid cysts presented with new endocrine disorders during follow-up heralds the need for routine evaluations of endocrine status.
